ABSTRACT.-During an irruption of Snowy Owls (Bubo scandiaca) into western Montana in the winter of 2005-2006, we collected dietary data from 42 to 48 owls from three sites. We recorded 5400 prey from 1313 pellets, pellet fragments, and prey remains. Voles represented .90% of the prey from each site. Montane voles (Microtus montanus) dominated at two sites and meadow voles (M. pennsylvanicus) dominated at the third site. Few other prey species were eaten. Food-niche breadth was 1.14, 1.41, 1.92, and dietary evenness was 0.377, 0.398, 0.584 for the three Montana sites. We compared these data to those from six other North American studies reporting 1208 prey items collectively. A random sample of 100 pellets yielded a mean dry mass of 19 g, and a mean length 3 width of 82 mm 3 30 mm, and the number of prey per pellet averaged 5 (SD 6 2). Mean body mass of voles eaten by the owls was 30 g. During the following winter (2006)(2007), only three Snowy Owls were found in the same study areas.
The Snowy Owl (Bubo scandiaca) is a northern circumpolar species that breeds in the Arctic tundra and most often migrates to more southerly latitudes in winter (Cramp 1985 . In North America, Snowy Owls migrate and winter regularly in southern Canada and the northern portion of the United States, primarily the northern Great Plains region (Taverner 1934 , Bent 1938 , Godfrey 1979 , Kerlinger et al. 1985 , Parmelee 1992 . While some owls apparently remain on the breeding grounds for the winter, many migrate south for reasons largely unknown, but likely related to food availability (Bent 1938 , Cramp 1985 , Parmelee 1992 , Patterson 2007 . Recently, satellite tracking data has revealed some variation in the traditionally accepted north-to-south migration (Fuller et al. 2003) . Small numbers of Snowy Owls are found wintering in Montana on a regular basis, but irruptions in the western regions of Canada and the United States are uncommon (Hanson 1971 , Fuller et al. 2003 , Patterson 2007 .
Several studies have been published on the feeding habits of breeding Snowy Owls in Europe and North America (see Mikkola 1983 , Cramp 1985 , Par-melee 1992 , for reviews). Other researchers have also investigated their winter diet in North America (see Boxall and Lein 1982, Parmelee 1992 , for reviews). Few studies, however, have comprised samples sizes .100 prey items, and none .314 prey items (Gross 1944 , Catling 1973 , Allan 1977 , Campbell and MacColl 1978 , Chamberlin 1980 , Boxall and Lein 1982 , Patterson 2007 . We here present diet data from pellets we collected during the 2005-2006 irruption of Snowy Owls into west-central Montana. Our objectives were to (1) describe the trophic niche of wintering Snowy Owls from western Montana sites, and (2) compare our results with those of other North American studies that reported the diet of wintering Snowy Owls. STUDY AREA We located between 42 and 48 individual Snowy Owls that wintered in the Mission and Flathead Valleys of west-central Montana in [2005] [2006] . The owls were concentrated at three sites: 31-35 individuals were seen roosting in a 2.6-km 2 fallow potato field near Polson (47u409N, 114u099W); six individuals roosted in a 2.6-km 2 area outside Ronan (47u299N, 114u109W), along a border of grassland and fallow fields; and 5-7 individuals roosted within a 13-km 2 site consisting primarily of farmlands, conservation lands, and recent housing developments near Somers (48u069N, 114u119W). The Polson and Ronan sites were 16 km apart, and the Somers site was 96 km north of Polson.
METHODS
We collected whole pellets, pellet fragments, and prey remains from the three roosting sites on a weekly basis from December 2005 through April 2006. Pellets were collected while some owls were present, after they departed for evening foraging, before they settled for daily roosting, and after the owls began to migrate from the study area. Pellets and prey remains were identified as specific to Snowy Owls based on observations of the owls roosting on the ground at their daily roost sites, evidence of Snowy Owl feathers, and buff-colored feces. Pellets were sorted by site and air-dried. Complete pellets were recorded as such. Because whole pellets were very long, some broke into two or three pieces after falling to the ground. These pieces were collected and counted as one pellet if they were obviously part of a whole, placed carefully in the collecting bag, and then realigned in the laboratory. Other pellets were too fragmented or crushed to tabulate, and thus were combined as a fragment mass. Pellets were then air-dried on screens for a minimum of 48 hr prior to measurement and dissection.
Other raptors occurred in the same area; however, we excluded Short-eared Owl (Asio flammeus), Northern Harrier (Circus cyaneus), Rough-legged Hawk (Buteo lagopus), and Red-tailed Hawk (Buteo jamaicensis) pellets by roost site selection, pellet size, and direct observation. Great Horned Owls (Bubo virginianus) produce pellets similar in size to Snowy Owl pellets and two pairs were located roosting and hunting in the vicinity of the Snowy Owls' roost area at the Polson site. One of the pairs of Great Horned Owls roosted during the day in a barn at the Polson site where they deposited their pellets. The other pair roosted in a grove of trees .3 km from the Snowy Owls' roosting area at the Polson site, and deposited their pellets there. In our experience, most owls cast their pellets at their roost sites before hunting, thereby significantly decreasing the chance of accidental collection of Great Horned Owl pellets.
We randomly selected a sample of 100 Snowy Owl pellets to weigh, measure, and dissect to determine pellet mass, length, width, species, and number of prey per pellet. The random sample was chosen by selecting the first 100 pellets that were laid out on drying screens. Pellet mass was measured using a 30-g Pesola spring scale. Length and width measurements (to the nearest mm) were taken from the longest and widest portions of each pellet using a Mitutoyo dial-faced caliper. We dissected the pellets to obtain skulls and upper palates containing teeth necessary for identifying avian and mammalian prey. For each of these measurements, we calculated the range, mean, sample standard deviation, and 99% confidence intervals.
The remaining pellets and fragments were placed in a solution of CloroxH bleach and water for 30 min to dissolve and separate bone and fur. Timing was critical to ensure skulls were removed from the wash before the teeth fell out. This technique was similar to the sodium hydroxide technique used by others (see Marti 1987) .
Skulls and palates containing teeth were identified to species by dental traits outlined in Foresman (2001a) and previously identified specimens housed at our lab. Vole skulls that were missing the second molar were categorized as Microtus spp. based upon remaining dentition and skull characteristics. Bird skulls were identified to species when corresponding feathers were found at the same site and then recorded as one prey item. Bird feathers were identified to species using local field guides, specimen collections, and personal experience.
We used a G-test to analyze the frequency of occurrence of prey at each of the three pellet collection sites. We also used a G-test on the pooled prey data from all three sites for an overview of Snowy Owl diet in Montana. Analysis consisted of prey we identified to species only. In order to meet the assumptions of the G-test, we eliminated prey categories with fewer than five individuals (Fowler and Cohen 1990) . We also eliminated the Microtus spp. category because only two species of Microtus occur in the area (M. montanus and M. pennsylvanicus).
Diversity indices were used to compare the diet of Montana Snowy Owls with those of other North American Snowy Owls. We used only those studies that reported a minimum of 100 prey items identified to species. Only prey items identified to species were included in these calculations because higher resolution of categories is thought to yield greater niche breadths (Marti 1987) . Food-niche breadth (FNB) was determined using the antilog of the Shannon-Weaver index, where:
and p i represents the proportion of each species in the sample (Shannon and Weaver 1949, Marti 1987) . We followed Marti's (1987) definition of trophic diversity, where a broad FNB represents a large number of prey species with a relatively equal distribution and a narrow FNB represents few species or an unequal distribution of species.
Dietary evenness (DIEV) values were calculated using Alatalo's (1981) modification of Hill's (1973) equation where:
where N 1 is the antilog of the Shannon-Weaver index (H9) and N 2 is the reciprocal of Simpson's index (1/D; see Marti 1987) . Evenness values range from zero to one, where a value of one indicates a uniform representation of prey proportions in the diet (Marti 1987) . We used a Spearman Rank Correlation (Fowler and Cohen 1990) on our data and the data from six other North American studies to examine whether FNB and DIEV values were influenced by the number of prey items (i.e., sample size). We did this to determine if broader FNB values correlated with increased sample sizes.
Mean biomass estimates for Microtus voles were determined from two snap-trap lines run approximately 3.5 km from the Ronan site and 3 km from the Polson site. These lines have been run for 14 consecutive years. The trap lines were run during the first week of February 2006. One hundred traps were spaced approximately 3 m apart and checked daily for five consecutive nights, yielding 500 trapnights/line. We believe this was an accurate measure of biomass because (1) the trap lines were run during the time owls were present near the site, (2) multiple age classes of voles were captured in the traps, thus representing the natural variation in body mass, and (3) Snowy Owls swallow small mammalian prey whole, thus allowing appropriate comparisons of trapped and consumed small mammals.
We calculated the estimated biomass consumed by Snowy Owls based on the mean mass of voles and an estimate of mass for adult northern pocket gophers (Thomomys talpoides) from Foresman (2001b) . Peromyscus mice and shrews (Sorex spp.) were also caught on the trap lines, but we have not included their biomasses because only two Peromyscus and no Sorex species were found in pellets. We did not include avian biomass estimates because only 11 birds were eaten and most were only partially consumed. However, we do report a range of the relative mass of large avian prey.
We did not compare mean biomass of prey from the other studies for several reasons. First, mass was not always known for prey species at the specific study site. Second, there are general uncertainties about mass reported from museum specimens. Third, biomass estimates are often calculated based upon the adult age class; therefore, they are inaccurate if other age classes are consumed. Finally, the estimates usually measure whole prey carcasses, which may only be partially consumed when the prey size is medium to large , 1994 , Holt et al. 2001 . For example, the mass of Ring-necked Pheasants (Phasianus colchicus) found as prey in our study was ca. 900 g; however, the owls only ate the breast muscles and small portions of the biceps and triceps. Therefore, for a valid estimate of biomass eaten, one would need to know the mass of the individual muscles consumed and subtract that from the total mass.
RESULTS
Snowy Owl Pellet Mass and Size. Snowy Owl pellet mass ranged from 7 to 33 g (mean 5 19 6 6 [SD] g, 99% C.I. 5 2, N 5 100 randomly selected pellets). Pellet length ranged from 42 to 151 mm (mean 5 82 6 22 mm, 99% C.I. 5 6, N 5 100) and width ranged from 21 to 42 mm (mean 5 30 6 3 mm, 99% C.I. 5 1, N 5 100). The number of prey items per pellet ranged from 1 to 11 (mean 5 5 6 2, 99% C.I. 5 1, N 5 100).
Snowy Owl Diet in Montana. We recorded 5400 prey items from 1313 whole pellets, miscellaneous pellet fragments, and a few prey remains collected at three sites. Voles were clearly the most numerous prey eaten at each site, representing 99.7% at Polson; 97.9% at Ronan; and 90.9% at Somers (Table 1) . Of the voles identified to species, montane voles (M. montanus) represented 84.1% and 81.2% of the prey from Polson and Ronan, respectively (Table 1 ). In constrast, Meadow voles (M. pennsylvanicus) represented 74.7% and montane voles only 11% of the prey from Somers (Table 1) . Prey species proportions were highly significantly different at each site: Polson (G adj 5 8092.4, df 5 2, P , 0.001); Ronan (G adj 5 360, df 5 1, P , 0.001); and Somers (G adj 5 129.1, df 5 2, P , 0.001).
Nine prey species were identified from the three sites (Table 1) . When all sites were combined, there was a highly significant difference among proportions of prey species consumed (G adj 5 8133, df 5 2, P , 0.001). Northern pocket gophers represented 18.4% of the prey at Somers, but ,1% at the other sites; however, sample sizes were too small for meaningful statistical comparisons (Table 1) . Several other small mammal species were represented in small numbers, as were a few bird species, but their contributions to the diet were numerically negligible (Table 1) . Unusual or large prey included Ring-billed Gull (Larus delawarensis), Northern Harrier (Circus cyaneus), and a larger unidentified raptor skull that appeared to be a Rough-legged Hawk (Buteo lagopus).
We calculated FNB and DIEV for the three Montana sites. Food-niche breadth values among the three Montana sites ranged from 1.14 (Polson) to 1.92 (Somers; Table 2 ). Dietary evenness was lowest in Polson (0.377) and highest in Somers (0.584; Table 2 ). Food-niche breadth and DIEV were similar between the Polson and Ronan sites, but yielded higher values from the Somers site, indicating a slightly broader FNB, and a slight increase in the equality (DIEV) of prey for Somers. Overall, however, the FNB and DIEV values indicated a narrow trophic structure for this study.
Voles from our Polson and Ronan trap lines had body masses ranging from 23-42 g (mean 5 29.9 6 4.9, N 5 23). We believe it is reasonable to assume 
Birds
Circus cyaneus We calculated that the owls ate nearly 2 kg of northern pocket gophers, based on an adult mass estimate of 90 g (Foresman 2001b ). Based on the remains of the three largest bird species, Snowy Owls ate avian prey weighing up to 1000 g.
Comparison with Other North American Studies. Summation of the prey data from our study and six other North American studies yielded 6623 prey remains, of which 5888 were used for trophic calculations (see methods and Table 3 ). Fourteen species of mammals, 43 species of birds, and one mussel (Mytilus edulis) composed the wide variety of prey consumed by wintering Snowy Owls from New England, Michigan, and Montana (United States), and Alberta, British Columbia, and Ontario (Canada). Campbell and MacColl's (1978) study in British Columbia reported exclusively avian prey, while Chamberlin's (1980) study in Michigan and Catling's (1973) study in Ontario reported exclusively mammalian prey. The remaining four studies reported a mixture of avian, mammalian, and aquatic prey.
Food-niche breadth (FNB) values ranged from 1.28 to 13.85 (Table 3) . The narrowest FNBs occurred in Montana, Ontario, and Michigan (Table 3). In Montana, .99% of prey were Microtus voles (montane and meadow voles); in Ontario, 90.4% of prey were meadow voles (Catling 1973) ; and in Michigan, 85.9% were meadow voles (Chamberlin 1980) . The broadest food-niche breadth occurred in Gross's (1944) New England study of Snowy Owl stomach contents, where 26 species were represented (Table 3) . Seven mammalian species constituted 51.5% and 18 avian species constituted 47.8% of the owls' diets, with one mussel documented. Campbell and MacColl's (1978) study in British Columbia also had a broad food-niche breadth: the prey comprised 22 avian species (Table 3) , of which three species of grebes and eight species of ducks made up 81.1% of the owls' diet. Evenness calculations ranged from 0.428 to 0.647. The lowest value was from Montana and the highest value was from Alberta (Table 3) .
Although sample size can influence diversity and evenness values (Marti 1987) , Spearman correlations revealed no relationships between the number of prey items and FNB values (r s 5 20.607, P . 0.05) and the number of prey items and DIEV values (r s 5 20.393, P . 0.05), thus indicating that sample size did not influence our FNB or DIEV results.
DISCUSSION
The Snowy Owls in our study wintered in farmland and wildlife management areas dominated by relatively flat, open grasslands and crops. This is similar to winter habitat selection in Alberta described by Lein and Webber (1979) . Diet and Trophic Structure. Breeding Snowy Owls are generally believed to exhibit a narrow trophic structure (Pitelka et al. 1955 , Watson 1957 . This is similar to other open-country species of owls such as the Long-eared Owl (Asio otus; Marti 1976), Short-eared Owl , and Barn Owl (Tyto alba; Marti 1988). However, wintering populations of Snowy Owls may exploit a broader spectrum of prey, depending on what is locally available, as suggested by Bent (1938) , Boxall and Lein (1982), and Mikkola (1983) . Although they usually prey upon small mammals, they have been documented taking large birds such as alcids, grebes, geese, ducks, gulls, and medium-sized owls; hares; muskrats; and even fish (Bent 1938 , Gross 1944 , Keith 1963 , Campbell and MacColl 1978 , Boxall and Lein 1982 , Cramp 1985 , Parmelee 1992 .
In west-central Montana, the wintering owls we studied consumed almost exclusively Microtus voles, which were at a peak in their population fluctuations (D. Holt unpubl. data). Other species of owls in these same areas of west-central Montana are also known to concentrate on voles for food (Holt and Williams 1995 , Cromrich et al. 2002 , Holt and Bitter 2007 suggesting the area may be important for voles and raptors. In the other North American studies we included for comparison, FNB values were relatively low except in two cases (Table 3) ; in both these studies, birds were eaten more frequently. One explanation for these differences in FNB may be the diversity and availability of prey. In Montana, we believe the peak population in voles reduced any need for Snowy Owls to seek other food sources. Thus, both extremes in the FNB values support the hypothesis that Snowy Owls exploit locally available prey on their wintering grounds, be it a few very abundant species or a wide diversity of species.
Pellet Size and Mass. Mean pellet size in Montana was similar to that reported in a concurrent study from Washington (80 3 31 mm, N 5 62; Patterson 2007 (N 5 20; Koivusaari 1977 , reported in Mikkola 1983 . It is likely that pellet dimensions may vary with prey species composition and among regions, and may be related to the number of prey eaten per average meal.
Mean pellet mass in Montana was greater than the 13 g (N 5 16) reported by Mikkola (1983) for a captive European Snowy Owl, and much heavier than 7.7 g (N 5 51) reported by Chamberlin (1980) from Michigan. Hagen (1960) reported 4.3 prey per pellet from his winter/breeding study, which was similar to the value in our study.
Based on analysis of pellets, presumably collected from individuals of known sex, Boxall and Lein (1982) suggested that male owls showed more specialization for prey and killed smaller prey than females. We were not able to quantify which sex regurgitated specific pellets because in this study the owls often roosted communally and could not always be confidently identified as a male or female. Regardless of this, the high preponderance of voles in the owls' diet indicated that both sexes were eating predominately the same prey in our study area.
Estimation of Biomass Consumed. The body mass of voles from our trap lines was almost identical to those reported from the same area in 1990 (Blem et al. 1993) . Indeed, mean mass for montane and meadow voles were 30 g and 29.1 g, respectively. Furthermore, these weights did not differ statistically from models used to predict vole body mass from crania in Short-eared Owl pellets. Thus, our biomass estimates for voles based upon the number of skulls found in pellets were probably reliable.
Snowy Owls cast approximately one pellet per day in captivity (Mikkola 1983) , and we found a mean of 5 prey per pellet; based on these values, we calculated that Snowy Owls in our study consumed at least 150 g of voles per d (or per every pellet cast, regardless of time between pellets). A captive Snowy Owl studied in winter in Montana ate approximately 131 g (range 0-200 g) and 145 g (range 0-298 g) of raw beef heart and mice once per d during two trial periods (Seidensticker 1969) , which was similar to our estimates. We realize, however, that this captive did not expend the energy of a wild, free-flying owl. In addition, the captive owl was offered an unlimited supply of food for only 30 min/d, potentially biasing the results. Other winter estimates include 284 g/d of laboratory rats, small birds, caribou, and beef scraps (Gessaman 1972) ; 320 g/d of laboratory rats and mice (Mikkola 1983) ; and an estimated 236-268 g/d based on energy budget studies (Boxall and Lein 1989) . Breeding male and female Snowy Owls ate 280 g and 200 g/d, based on observations at a nest (Watson 1957) .
